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FIV Vaccine 

Background 

The present invention relates to a feline immunodeficiency 
proviral (FIPV) polynucleotide fragment comprising a 
dysfunctional pol gene region, a recombinant vector comprising 
said FIVP polynucleotide fragment, a host cell containing said 
FIPV polynucleotide fragment, a feline immunodeficiency virus 
(FIV) vaccine comprising said FIPV polynucleotide fragment, a 
method of treating FIV-related disease, and pharmaceutical 
compositions comprising said FIPV polynucleotide fragment for use 
as a prophylactic and/or therapeutic agent in cats. 

Feline immunodeficiency virus (FIV) is a member of the 
Retroviridae ; it is a lentivirus which is associated with a 
debilitating immunodeficiency syndrome in cats (Pedersen N.C. et 
al., Science (1987) Vol. 235, pp. 790-793). 

Lentiviruses by nature do display a large degree of 
molecular and biological variation. This natural variation is 
thought to be in part ascribable to the low fidelity of the viral 
enzyme reverse transcriptase in the process of copying the viral 
genomic RNA to DNA (Preston et al., Science 242: 1168-1171 
(1988), Roberts et al., Science 242: 1171-1173 (1988)). As a 
result, several variant FIV-strains have been found. 

To date, isolates of several variant FIV strains, some of 
which have been subjected to molecular cloning, have been 
described. Amongst these strains are two isolates from the 
United States (Petaluma-strains (Olmsted et al., Proc. Natl. 
Acad. Sci USA 86: 8088-8092 (1989), Talbott et al., Proc. Natl. 
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Acad. Sci. USA 86: 5743-5747 (1989)) and San Diego strain 
(Phillips et al., J. Virol. 64: 4605-4613 (1990)), one from the 
United Kingdom (Harbour et al., Vet. Rec. 122: 84-86 (1988)) and 
two from Japan (Ishida et al., J. Am. Vet. Med. Assoc. 194: 221- 
225 (1989), Miyazawa et al., Arch. Virol. 108: 59-68 (1989)), 
which were obtained from the DNA of in vitro propagated strains. 
One strain, the F14 clone of Olmsted et al., supra has been 
deposited in the Genbank data base under Accession No. M25381. 

Molecular characterisation and determination of 
heterogeneity between FIV isolates has been described by Maki et 
al., (Arch. Virol. 123: 29-45 (1992)). The construction of DNA 
clones from two FIV proteins, i.e. the envelope (ENV) protein and 
the virion core (GAG) protein and their use for detecting and 
preventing FIV has been described in WO 92/15684. 

Sero-epidemiological surveys have revealed that the virus 
occurs all over the world (Furuya et al., Jpn. J. Vet. Sci. 52: 
891-893 (1990), Gruffydd- Jones et al., Vet. Rec. 123: 569-570, 
(1988), Ishida et al., Jpn. J. Vet. Sci. 52: 453-454 (1990), 
Ishida et ah, Japn. J. Vet. Sci. 50: 39-44 (1988), Ishida et 
al., J. AM. Vet. Med. Assoc. 194: 221-225 (1989), Swinney et al., 
N.Z. Vet. J. 37: 41-43 (1989)). 

FIV has a complex genome structure comprising group antigen 
proteins (GAG) , which are the major structural proteins of the 
virus; POL, proteins of the polymerase gene; and ENV, proteins 
of the envelope gene. The gag gene encodes matrix, capsid and 
nucleocapsid proteins, and the pol gene encodes protease, reverse 
transcriptase, dUTPase and integrase. The env gene encodes 
surface and transmembrane envelope glycoproteins. In addition 
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to the structural and enzymatic proteins, at least three more 
genes (Vif, ORFA, Rev) are present in FIV (Miyazawa T., Arch, 
Virol. (1994) Vol. 134 pp. 221-234). As with other members of 
the Retrovir idae, the integrated genome of FIV is bordered by 
long terminal repeats (LTRs) comprised of U5, R, and U3 domains. 
Likewise, the basic structural elements gag, pol and env are 
encoded in the approximate 9500 base pair genome. In addition 
to these common elements, FIV encodes several short open reading 
frames (sORFs) . Details of the genomic organisation of FIV may 
be found in "Infectious Agents and Disease Vol. 2 pp. 361-374 
(1994) " under the review paper by John H. Elder and Tom R. 
Phillips. 

Control by vaccination of FIV infection has been a long- 
sought goal. 

WO 94/20622 describes the provision of a vaccine against FIV 
comprising a polypeptide fragment of an FIV surface protein which 
is capable of inducing neutralising antibodies against FIV. 
There is no reference to the potential or actual use of proviral 
FIV DNA in the production of DNA vaccines against FIV infection. 

Development of protective FIV vaccines has proven difficult 
(Hosie M.J. and Yamamoto J.K. (1995) Feline Immunology and 
Immunodeficiency (Willett B.J. and Jarrett 0. Eds.) Oxford 
University Press, New York, pp. 263-278) . An initial success was 
reported with the development of a cell line (FL4) that 
constitutively releases large numbers of FIV particles (Yamamoto 
J.K. et al. (1991) Inter-Virology Vol. 32, pp. 361-375). 
Inactivated viral and whole cell vaccines based on this cell line 
showed the first evidence of protection against FIV infection, 
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however, this protection has subsequently been shown to be of 
limited spectrum (Hosie M.J. et al., (1995) J. Virol. 69 pp. 
1253-1255) , suggesting that the reported strategy will be less 
useful for antigenically diverse natural isolates of FIV that are 
not readily propagated in vitro. Subunit vaccines for FIV have 
not been particularly successful to date. While viral load 
reduction after challenge has been demonstrated in animals 
immunised with glycoprotein purified from virions (Hosie M.J. et 
al., (1996) Vaccine Vol. 14 pp. 405-411), studies using 
recombinant proteins as immunogens led instead to enhancement of 
early infection (Hosie M.J. et al., (1992) Vet. Immunol. Pathol. 
Vol. 35, pp. 191-198; Siebelink K.H.J, et al., (1995) J. Virol. 
Vol. 69, pp. 3704-3711). 

Genetic immunisation for eliciting an immune response was 
first reported by Tang D.C et al., (1992) Nature (London) Vol. 
356, pp. 152-154. A general review on genetic immunisation is 
further reported by Hassett D.E. and Whitton J.L. in Trends. 
Microbiol. (1996) Vol. 4, pp. 307-312. Protective immunisation 
has been achieved in virus-host systems using inoculation of DNA 
(Fynan E.F. et al., (1993) Proc. Natl. Acad. Sci. USA Vol. 90, 
pp. 11478-11482 ; Webster R.G. et al., (1994) Vaccine Vol. 12, pp. 
1495-1498) . However, efforts so far have employed plasmids 
containing individual viral genes or combinations of genes but 
have been restricted to non-replicating vectors. Protection 
against infection by lentiviruses such as FIV has been attempted 
by expression of the ENV protein of FIV in cats (Cuisinier A-M 
et al., (1996) 3rd International Feline Retrovirus Research 
Symposium, Fort Collins, Colarado) . 
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The above outlined problems emphasise the need to consider 
alternative and innovative approaches to lentivirus vaccination 
and in particular, FIV vaccination. 

The prior art does not teach the use of FIV pol region 
deletion mutants comprising a dysfunctional reverse transcriptase 
(RT) gene region in the manufacture and use of vaccines against 
FIV related disease. 

It is thought that DNA delivery may improve the prospects 
for the use of attenuated viral vaccines, since it may be 
possible to deliver more comprehensively disabled viral 
derivatives that cannot be obtained as stable high-titer viruses. 

The present invention seeks to mitigate against the 
disadvantages associated with the prior art. 

According to a first aspect of the invention there is 
provided a vaccine formulation comprising a feline 
immunodeficiency provirus (FIPV) polynucleotide comprising a 
dysfunctional pol gene which is substantially incapable of 
encoding a functionally competent reverse transcriptase (RT) or 
a functional RT fragment thereof. 

A "FIPV" polynucleotide can be viewed as a polynucleotide 
fragment of an FIV capable of integration into a host cell 
genome. Host cells comprising FIPV of the invention are capable 
of producing FIV proteins, except for functionally competent RT 
or functionally competent fragments thereof. As such, host cells 
for the FIPV of the invention are able to release non-infectious 
FIV viral particles i.e. FIV particles which are substantially 
incapable of replication. 
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A "dysfunctional pol gene" is one which is substantially 
incapable of coding for a native RT or a functional equivalent 
thereof. Thus a "dysfunctional pol gene" means that the pol gene 
has been modified by an in-frame deletion, insertion or 
substitution (or other change in the DNA sequence such as 
rearrangement) such that the pol gene is generally unable to 
express a functionally competent RT or a functionally competent 
equivalent polypeptide product thereof. 

pol genes of the invention which are substantially incapable 
of encoding a functionally competent RT may be rendered 
dysfunctional by any one of several ways: 

(i) A deletion of the entire in-frame RT coding domain of the 
pol gene from a wild type FIPV genome. For example, depending 
on the wild type of FIPV or FIV of concern, a deletion of the 
nucleotide sequence from a wild type FIPV or FIV genome between 
about nucleotide 2337 ± 12 bases to about nucleotide 4013 ± 12 
bases can be made. An example of a FIV clone from which a 
deletion can be made is the F14 clone of FIV. Using this clone 
a deletion of the entire in-frame RT coding region can be made 
between nucleotide 2337 and nucleotide 4013. The in-frame 
deletion should be such so as not to substantially affect the 
expression of other gene products from the FIV or FIPV genome. 

(ii) A deletion of a portion of the in-frame RT coding domain 
of the pol gene of a wild type FIPV genome. A "portion of the 
in-frame RT coding domain" means a polynucleotide fragment which 
by its deletion from the RT coding region is sufficient to render 
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any RT or fragment or fragments thereof encoded and/or 
expressible thereby, substantially incapable of a physiological 
activity attributable to that of a functional RT produced by a 
FIV or FIPV. The deletion portion of RT may comprise a deletion 
of a small number of nucleotides, for example, 1, 2 or more 
nucleotides. Such deletions within the RT encoding domain of the 
pol gene can be achieved using recombinant DNA technology. Thus, 
the translational ORF for an RT can be altered resulting in the 
production of a protein which lacks the physiological 
functionality or functional competence of an RT found under 
native circumstances, for example, an RT derived from a pol gene 
in a wild type FIPV or FIV. The skilled addressee will also 
appreciate that such deletions in the translational ORF of the 
RT domain of the pol gene may also give rise to a dysfunctional 
pol gene which is substantially incapable of coding for a 
functionally competent RT, truncated RT even any RT or 
polypeptide fragment thereof. Such proteins/polypeptides , if 
produced, generally lack the functional competence typical of the 
enzyme, RT. 

(iii) The deletion of the or a portion of the RT domain of the 
pol gene as described in (i) or (ii) above will leave a "gap" in 
the pol gene. A suitable polynucleotide fragment, such as a gene 
or gene fragment or genes or fragments thereof may be inserted 
into the "gap". Gene insertions can include genes which express 
polypeptides capable of augmenting an immune response, such as 
feline cytokines, for example, 7 feline interferon or other genes 
such as marker genes. Suitable marker genes may include but are 
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not restricted to enzyme marker genes, for example the lac-Z gene 
from E.coli, antibiotic marker genes such as hygromycin, neomycin 
and the like. Generally, marker genes, if any, may be employed 
in an RT deletion. FIPV or FIV mutants of the invention should 
be such so as to not cause substantial deleterious or long 
lasting side-effects to a recipient animal. 

In a preferment, the "gap" made by the deletion of the or 
a portion of the RT domain of the pol gene from a FIPV is not 
filled with a polynucleotide insert, the cut ends of the deletion 
site being ligated together using conventional recombinant DNA 
technology. The skilled addressee will also appreciate that the 
"gap" left by the partial or total deletion of the RT encoding 
region of the pol gene may be filled with a polynucleotide 
sequence which is a nonsense nucleotide sequence or an anti-sense 
sequence: In both instances any defective RT which may be 
produced from a polynucleotide fragment including such sequences 
should be incapable of RT functionality. 

(iv) Nucleotide insertions can also be made at suitable 
restriction enzyme sites within the RT coding region using 
recombinant DNA technology. Such insertions can give rise to a 
dysfunctional RT or fragment (s) thereof which are substantially 
incapable of an RT activity. For example, when using the FIV F14 
clone, stop codons may be inserted into the RT region at suitable 
insertion sites such as at the Pac 1 restriction site (nucleotide 
3540 to 3547) of the RT encoding region of the pol gene, which 
can result in the production of a non-functional fragment (s) of 
RT. 
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A "functionally competent reverse transcriptase 11 is one 
which is capable of RT functionality. That is to say, an RT 
functionality permitting the copying of a ribose nucleic acid to 
a deoxyribose nucleic acid form, for example, in a host cell or 
in the genome of a host organism such as a feline. Thus, FIPV's 
of the invention comprising dysfunctional pol genes are 
substantially incapable of giving rise to infectious FIV 
particles . 

As a preferment, there is provided a vaccine formulation 
wherein the FIPV polynucleotide comprises a deletion, still 
preferably an in-frame deletion, within the RT domain of the pol 
gene. 

In a preferment there is provided a defective FIPV 
polynucleotide fragment comprising an in-frame deletion and/or 
insertion comprising at least one nucleotide in the RT region 
within the RT domain of the pol gene. The deletion should be 
such that coding sequences for other gene products of the FIPV, 
for example the pol gene products and other FIPV gene products, 
upstream ^ and/or downstream from the RT domain are not 
substantially affected. That is to say that other gene products 
ordinarily having an immunogenic function and which are expressed 
from the FIPV substantially retain their immunogenic function. 
The deletion may be made between about nucleotide 2 3 37 ± 12 bases 
and 4013 ± 12 bases of the RT domain of the pol gene depending 
on the FIV isolated. The deletion can be of any size so long as 
any RT polypeptide product which may be generated, such as an RT 
fragment thereof (or RT fragments thereof) does (do) not possess 
RT functionality and any coding sequences upstream or downstream 
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thereof are not substantially affected. The deletion can be made 
starting at any suitable restriction enzyme site located in the 
RT region of the pol gene. However, it is preferred if the 
deletion is made starting at a restriction site which is unique 
to within the RT domain of the pol gene, if not the whole FIPV 
such as Ncol, Pac 1 and Sph 1. A suitable example of a starting 
restriction enzyme site, thought to be unique to at least within 
the RT region of the FIV F14 clone is the Pac 1 site located at 
nucleotides 3540-3547 thereof. The skilled addressee will 
appreciate that other FIV or FIPV isolates comprising similar 
enzyme restriction sites within the RT domain of the pol gene are 
encompassed by the present invention. 

In a preferment there is provided a defective FIPV 
comprising a polynucleotide fragment deletion in the RT domain 
of the pol gene wherein the deletion is from nucleotide 3497 to 
nucleotide 3595 of the RT domain. 

In a further embodiment of the invention, the defective FIVP 
can form part of a recombinant nucleic acid molecule comprising 
a replication defective FIPV under the control of regulatory 
sequences which enable expression of viral gene products in a 
host cell genome and production of FIV proteins other than 
functional RT or functional fragments thereof. 

Regulatory sequences enabling integration and/or production 
of FIV proteins other than functional RT or functional fragments 
thereof can be promoter sequences which may or may not be 
associated with appropriate enhancer sequences. Suitable 
promoters include those as outlined by Norimine J. et al. , (1992) 
J. Vet. Med. Sci. 51(1) pp. 189-191, and may include promoters 
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obtained or derived from prokaryotic, eucaryotic and/or viral 
origins. Examples of promoters include but are not limited to 
the cytomegalovirus (CMV) promoter immediate early (IE) promoter 
region, for example the human cytomegalovirus (HCMV) immediate 
early (IE) promoter region, the Rous sarcoma virus (RSV) long 
terminal repeat (LTR) , feline leukaemia virus (FeLV) LTR, simian 
immunodeficiency virus from African green monkey (SIV AGM) LTR, 
and the SV40 early-promoter region. 

The person skilled in the art will also appreciate that the 
natural promoter sequence of the defective FIPV carrying a 
dysfunctional pol gene (i.e. located in the 5* LTR thereof) could 
also form part of a recombinant nucleic acid molecule of the 
invention. 

Thus, FIPV of the invention can be obtained by taking cDNA 
encompassing the genome of an appropriate FIV isolate and 
inserting it into a suitable vector, such as a pGEM vector or a 
lambda vector. A suitable FIV clone is the F14 clone of FIV- 
Petaluma described by Olmsted R. A. et al. (1989) Proc. Natl. 
Acad. Sci. (USA) Vol. 86 pp. 8088-8092. The FIV clone can then 
be linearised using an appropriate restriction enzyme such as Nco 
1, Sph 1, Bae 1 Pac 1 and the like, the linearised vector is then 
purified, for example by precipitation followed by digestion with 
a suitable exonuclease such as Bal31 under appropriate 
exonuclease digestion conditions for a desired period of time 
(Maniatis et al. Molecular Cloning - a Laboratory Manual; Cold 
Spring Harbor Laboratory Press First Edition (1989) p 135). 
After further purification, suitably by organicsolvent extraction 
and alcohol precipitation, appropriately exonuclease digested 
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nucleic acid molecules can be re-circularised by ligation and the 
products thereof used to transform an appropriate host cell, such 
as a bacterium host cell, e.g. E.coli. Clones thus obtained may 
then be characterised by polymerase chain reaction (PCR) 
amplification across the nucleic acid molecule in order to 
ascertain the size and location of the deletion in the RT domain 
of the pol gene (i.e. in-frame or otherwise), 

A suitably sized deletion region has been found to be a 235 
bp region of the pol gene of the FIV Petaluma strain within which 
is found the Pac 1 restriction enzyme site. 

The deletion generally has to be made in the RT domain of 
the pol gene in a position such that any defective FIPV 
incorporated into a host cell genome retains a sufficient 
immunogenic function to elicit, on expression of protein or 
polypeptides encoded by the FIPV, at least a cellular immune 
response (such as a cytotoxic T-cell response) in a host animal, 
such as a feline. 

Suitable clones comprising deletion regions of the invention 
can be further characterised using DNA sequence analysis using 
primers of any acceptable length, such as primers of up to 60 
nucleotide bases in length, preferably primers of about 20 to 60 
nucleotide bases in length. More preferably such primers are 
from 20 to 30 nucleotides in length. 

The selection of vector is not critical provided that it is 
able to carry the desired FIV clone into a suitable host cell. 
The host cell can be one in which replication of the recombinant 
vector molecule can occur. The host cell can be a cell in which 
regulatory sequences of the or at least one other vector can also 
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be recognised such that at least a further polypeptide 
fragment(s), such as a fragment capable of augmenting or 
eliciting at least an immune response as described above, can be 
expressed. For example, if the prophylactic and/or therapeutic 
effect of an appropriately cloned FIPV of the present invention 
is to be augmented, a further vector encoding an appropriate 
adjuvant protein or polypeptide, such as a cytokine coding 
vector, for example, a feline y interferon (ylFN) coding vector, 
can also be employed as a component of a vaccine or 
pharmaceutical composition of the invention. International 
Patent Application WO 96/03435 describes the provision of a 
feline y interferon, and includes the provision of a 
polynucleotide fragment encoding feline y interferon and vectors 
therefor. Such polynucleotide fragments as described in WO 
96/03435 can be administered in conjunction with vectors coding 
for defective FIPV of the invention to animals in need thereof. 

A wide range of vectors is currently known, including 
vectors for use in bacteria, e.g. pBR322, 325 and 328 , various 
pUC-vectors a.o. PUC 8, 9, 18, 19, specific expression-vectors; 
PGEM, pGEX, and Bluescr ipt {R; , vectors based on bacteriophages; 
lambda-gtWes, Charon 28, M13-derived phages, vectors containing 
viral sequences on the basis of SV4 0, papilloma-virus , adenovirus 
or polyomavirus (Rodriquez, R.L. and Denhardt, D.T., ed. ; 
Vectors: A survey of molecular cloning vectors and their uses, 
Butterworths (1988), Lenstra et al., Arch. Virol.; 110: 1-24 
(1990) ) . 

All recombinant molecules comprising the nucleic acid 
molecule under the control of regulatory sequences enabling 
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expression of the defective FIPV by said nucleic acid molecule 
are considered to be part of the present invention. 

Thus, as a further embodiment of the invention there is 
provided a vector comprising a defective FIPV in recombinant form 
under the control of regulatory sequences enabling expression of 
viral proteins of the FIPV yet which is substantially unable to 
express a functional RT or a functional fragment thereof. 

In a further embodiment of the invention there is provided 
a host cell comprising a dysfunctional FIVP or the present 
invention under the control of a regulatory sequence enabling 
expression of viral proteins of the FIPV yet which is 
substantially unable to express a functional RT or a functional 
fragment thereof. 

A host cell may be a cell of bacterial origin, e.g. 
Escherichia coli, Bacillus subtilus and Lactobacillus species, 
in combination with bacteria-based vectors as PBR322, or 
bacterial expression vectors as pGEX, or with bacteriophages. 
The host cell may also be of eukaryotic origin, e.g. yeast-cells 
in combination with yeast-specific vector molecules, or higher 
eukaryotic cells such as insect cells (Luckow et al; Bio- 
technology 6: 47-55 (1988)) in combination with vectors or 
recombinant baculoviruses , plant cells in combination with e.g. 
Ti-plasmid based vectors or plant viral vectors (Barton, K.A. et 
al; Cell 32: 1033 (1983), cells of mammalian origin such as Hela 
cells, Chinese Hamster Ovary cell (CHO) or Crandell Feline 
Kidney-cells, also with appropriate vectors or recombinant 
viruses. 
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The FIPV fragment according to the present invention may be 
cloned under the control of a promoter sequence or not under the 
control of a promoter sequence in a viral genome, as the case may 
be. In such a manner, the virus may be used as a means of 
transporting the FIPV fragment into a target cell. Such 
recombinant viruses are called vector viruses. The site of 
integration may be a site in a gene not essential to the virus, 
or a site in an intergenic region. Viruses often used as vectors 
are Vaccinia viruses (Panicali et al; Proc. Natl. Acad. sci. USA, 
79: 4927 (1982), Herpesviruses (E.P.A. 0473210A2), Retroviruses 
(Valerio, D. et al; in Baum, S.J,, Dicke K.A., Lotzova, E. and 
Pluznik, D.H. (Eds.), Experimental Haematology today - 1988. 
Springer Verlag, New York: pp 92-99 (1989)) and baculoviruses 
(Luckow et al; Bio-technology 6: 47-55 (1988)). 

The invention also comprises a virus vector containing a 
FIPV fragment or a recombinant nucleic acid molecule encoding the 
FIPV fragment under the control of regulating sequences enabling 
expression of the protein encoded by said nucleic acid sequence. 

In an alternative, defective FIPV polynucleotides of the 
invention may be applied directly to the cells of an animal in 
vivo, or by in vitro transfection of cells taken from the said 
animal, which cells are then introduced back into the animal. 
Defective FIPV may be delivered to various cells of the animal 
body including muscle, skin or blood cells thereof. The 
defective FIPV may be loaded for example, into muscle or skin 
using a suitable loading means such as a syringe. Methods of 
applying naked defective FIPV of the invention directly to 
thebody are described in WO 90/11092, especially at pages 35 to 
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43 thereof. 

As such, defective FIPV polynucleotides of the invention may 
be administered as pharmaceutical^ acceptable salts to animals 
in need thereof. 

Polynucleotide salts: Administration of pharmaceutical^ 
acceptable salts of the polynucleotides described herein is 
included within the scope of the invention. Such salts may be 
prepared from pharmaceutical^ acceptable non-toxic bases 
including organic bases and inorganic bases. Salts derived from 
inorganic bases include sodium, potassium, lithium, ammonium, 
calcium, magnesium, and the like. Salts derived from 

pharmaceutical^ acceptable organic non-toxic bases include salts 
of primary, secondary, and tertiary amines, basic amino acids, 
and the like. Further pharmaceutical salts are described in, 
S.M. Berge et al., Journal of Pharmaceutical Sciences 66: 1-19 
(1977) . 

Polynucleotides for injection, may be prepared in unit 
dosage form in ampules, or in multidose containers. The 
polynucleotides may be present in such forms as suspensions, 
solutions, or emulsions in oily or preferably aqueous vehicles. 
Alternatively, the polynucleotide salt may be in lyophilized form 
for reconstitution, at the time of delivery, with a suitable 
vehicle, such as sterile pyrogen-free water. Both liquid as well 
as lyophilized forms that are to be reconstituted will comprise 
agents, preferably buffers, in amounts necessary to suitably 
adjust the pH of the injected solution. For any parenteral use, 
particularly if the formulation is to be administered 
intravenously, the total concentration of solutes should be 
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controlled to make the preparation isotonic, hypotonic, or weakly 
hypertonic. Nonionic materials, such as sugars, are preferred 
for adjusting tonicity, and sucrose is particularly preferred. 
Any of these forms may further comprise suitable formulatory 
agents, such as starch or sugar, glycerol or saline. The 
compositions per unit dosage, whether liquid or solid, may 
contain from 0.1% to 99% of polynucleotide material. 

In a further embodiment of the invention there is provided 
a vaccine against FIV comprising a defective FIPV polynucleotide 
fragment of the invention. The FIPV fragment may take the form 
of a naked FIPV polynucleotide fragment, that is, a FIPV 
polynucleotide fragment not bound up in a vector form, such as 
a plasmid form. The vaccine of the invention may optionally 
include a further polynucleotide fragment encoding a further 
compound having an immunogenic function such as a cytokine, for 
example, feline y interferon. The additional polynucleotide 
fragment may be in the form of a further vector as described 
herein, for example an additional plasmid vector. Alternatively, 
the additional polynucleotide can be in the form of a naked DNA. 
Such naked DNA may be adhered to a micropro jectile or in an 
appropriate holding solution, such as a saline solution. 
Alternatively, the FIPV polynucleotide fragment can be available 
in the form of a vector or of a host cell. 

The vaccine may also comprise a dysfunctional FIPV 
polynucleotide fragment as described hereinbefore in combination 
with a further vector or further polynucleotide fragment encoding 
a gene which when expressed the gene product thereof retains an 
immunogenic function. A suitable further polynucleotide fragment 
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for use in a vaccine of the invention can be selected from those 
described in WO 96/03435, such as vectors encoding feline y 
interferon. 

In a preferred presentation, the vaccine can also comprise 
an adjuvant. Adjuvants in general comprise substances that boost 
the immune response of the host in a non-specific manner. A 
number of different adjuvants are known in the art. Examples of 
adjuvants may include Freund's Complete adjuvant, Freund • s 
Incomplete adjuvant, liposomes, and niosomes as described in WO 
90/11092, mineral and non-mineral oil-based water-in-oil emulsion 
adjuvants, cytokines, short immunostimulatory polynucleotide 
sequences, for example in plasmid DNA containing CpG 
dinucleotides such as those described by Sato Y. et al. (1996) 
Science Vol. 273 pp. 352-354 ; Krieg A.M. (1996) Trends in 
Microbiol. 4 pp. 73-77. Further adjuvants of use in the 
invention include encapsulators comprising agents capable of 
forming microspheres (l-io /im) such as poly (lactide-coglycolide) , 
facilitating agents which are capable of interacting with 
polynucleotides such that the said polynucleotide is protected 
from degradation and which agents facilitate entry of 
polynucleotides such as DNA into cells. Suitable facilitating 
agents include cationic lipid vectors such as: 

1, 3-di-oleoyloxy-2-(6-carboxy-spermyl) -propylamid (DOSPER) , 

N - [ 1 - (2 , 3-dioleoyloxy) propyl ] - N, N , N - 
trimethylammoniummethylsulf ate (DOTAP) , 

N-[l-(2 , 3-dioleoyloxy) propyl) ] -N , N , N-tr ime thy 1 ammonium 
chloride (DOTMA) , 

( N , N , N 1 , N 1 -tetramethyl-N,N 1 -bis ( 2 -hydroxy lethyl ) -2,3- 
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dioleoyloxy-1 , 4-butanediammonium iodide, 
bupivacaine-HCl , 

non-ionic polyoxypropylene/polyoxyethylene block copolymers, 
polyvinyl polymers and the like. 

Such cationic lipid vectors can be combined with further 
agents such as L-dioleoyl phosphatidyl ethanolamine (DOPE) to 
form multilamellar vesicles such as liposomes. 

The vaccine may also comprise a so-called "vehicle". A 
vehicle is a compound, or substrate to which the FIPV 
polynucleotide fragment can adhere, without being covalently 
bound thereto. Typical "vehicle" compounds include gold 
particles, silica particles such as glass and the like. Thus 
FIPV polynucleotides of the invention can be introduced into 
appropriate cells using biolistic methods such as the high- 
velocity bombardment method using polynucleotide coated gold 
particles as described in the art (Williams R.s. et al. (1991) 
Proc. Natl. Acad. Sci. USA 88 pp. 2726-2730; Fynan E.F. et al. 
(1993) Proc. Natl. Acad Sci. USA Vol. 90 pp. 11478-11482). 

In addition, the vaccine may comprise one or more suitable 
surface-active compounds or emulsifiers, e.g. Span or Tween. 

In a further aspect of the invention there is provided the 
use of a FIPV polynucleotide fragment as described herein for 
producing at least a cell mediated immunity to FIV which 
comprises a defective FIPV as described above for the manufacture 
of a FIV vaccine for the prophylaxis and/or treatment of FIV- 
related disease. Preferably, there is provided use of a FIPV 
polynucleotide fragment in naked or vector form for the 
manufacture of a FIV vaccine for the prophylaxis and/or treatment 
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of FIV infection. Most preferably, the use is in felines. 

In a further aspect of the invention there is provided a 
method of treating animals which comprises administering thereto 
a vaccine composition comprising a defective FIPV polynucleotide 
fragment as described herein to animals in need thereof. 
Preferably, the animals are felines. Naturally, the vaccine 
formulation may be formulated for administration by oral dosage 
(e.g. as an enteric coated tablet), by parenteral injection or 
otherwise . 

The invention also provides a process for preparing a FIV 
virus vaccine, which process comprises admixing a defective FIVP 
polynucleotide fragment in naked or vector form as herein 
described with a suitable carrier or adjuvant. 

The mode of administration of the vaccine of the invention 
may be by any suitable route which delivers an immunoprotective 
amount of the virus of the invention to the subject. However, 
the vaccine is preferably administered parenterally via the 
intramuscular or deep subcutaneous routes. Other modes of 
administration may also be employed, where desired, such as oral 
administration or via other parenteral routes, i.e., 
intradermal ly, intranasally , or intravenously. 

Generally, the vaccine will usually be presented as a 
pharmaceutical formulation including a carrier or excipient, for 
example an injectable carrier such as saline or a pyrogenic 
water. The formulation may be prepared by conventional means. 

It will be understood, however, that the specific dose level 
for any particular recipient animal will depend upon a variety 
of factors including age, general health, and sex; the time of 
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administration; the route of administration; synergistic effects 
with any other drugs being administered; and the degree of 
protection being sought. Of course, the administration can be 
repeated at suitable intervals if necessary. 

As a further aspect of the invention there is provided a 
polynucleotide fragment encoding for an FIPV which is 
substantially incapable of encoding a functional RT or a 
functional RT fragment thereof for use as a medicament for FIV- 
related disease. The skilled addressee will appreciate that a 
deletion may be made in the RT domain of the pol gene which 
deletion may be an in-frame deletion as described herein. The 
skilled addressee will also appreciate that insertions into 
deletion sites may be made to FIPV of the invention as utilised 
under this aspect of the invention as described herein. 

As a further aspect of the invention there is provided use 
of an FIPV comprising a dysfunctional pol gene in the manufacture 
of a vaccine for the prophylaxis and/or therapy of FIV-related 
disease. In a preferment the pol gene comprises a deletion 
within its RT domain, such as an in-frame deletion as described 
herein. The skilled addressee will also appreciate that 
insertions into deletion sites may be made to FIPV of the 
invention as utilised under this aspect of the invention as 
described herein. 

Embodiments of the invention will now be illustrated by way 
of the following Figures and Examples. 



Figure i: 



Nucleotide sequence of FIV F14 (Petaluma strains) 
showing ART site (3496 to 3595) (Sequence ID. No. 
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Figmre 2; 
Fig u re 3; 

Figure 4: 

Fi gure 5; 
Figure 3; 



Figure 7: 



5) Pac I, Ncol and Sph I sites. 
Feline y-Interf eron . 
Construction of CMVART. 

Sequence of Sst I fragment in CMVART (Sequence 
ID. No. 6) . 

Genome Map of FIV RT deletion mutant. 
Peripheral blood viral loads in a) trial-6(a) at 
7 weeks post challenge and in b) trial-6(b) at 6 
weeks post challenge, expressed as the mean (+/- 
2SEM) of the log-transformed maximum likelihood 
estimates of the initial number of infected cells 
present in 2 x 10 6 PBMC. 

Sequence of the Hind III - Not I fragment in 
plasmid pRSV-y-IFN (Sequence ID. No. 7) . 



EXAMPLES SECTION 



Derivation and Charact erisation of a Defective FIV Provirus 
Summary 

The F14 clone of FIV-Petaluma was modified by introducing 
a deletion centred on a unique Pad restriction site in the RT 
domain of the pol gene, in a region homologous to the 
"connection" domain of human immunodeficiency virus RT. A clone 
with a 33-codon, in-frame deletion was identified and designated 
FIV-ART. This clone was characterised in vitro by transfection 
into fibroblasts. Following transfection: 1, syncytia were 
formed within 3 days; 2, cell lysates showed glycoprotein and Gag 
protein expression by Western blot; 3, antigen was pelleted from 
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culture fluids by centr if ugation at 100,000 X g, suggesting it 
is in particulate form; 4, no RT activity above background was 
observed in the culture fluids; and 5, unlike cultures 
transfected with wild-type FIV-F14, no infectious virus was 
detected in the culture fluids. 

ME TH O D S 

1. Induction of FIV-Specific cytotoxic T Cells 

At 3 , 6, 10, 12, 16 and 20 weeks post vector delivery and 
on the day of challenge, 5ml peripheral venous blood was 
collected into an equal volume of Alsever's solution (Scottish 
Antibody Production Unit, Carluke, UK), and PBMC were prepared 
by centrifugation over Ficoll-Paque (Pharmacia LKB, Biotechnology 
Inc., Piscataway, NJ) for the determination of virus-specific 
lymphocytoxicity. Fibroblast cell lines were derived from skin 
biopsy samples (4mm in diameter) obtained from all cats under 
general anaesthesia prior to immunisation or challenge, and 
maintained in minimal essential medium (MEM) ALPHA medium with 
ribonuclegsides and deoxyribonucleosides (Biological Industries, 
Paisley, UK) supplemented with 10% foetal bovine serum (FBS) , 2mM 
L-glutamine, and 100IU of penicillin, 100/xg streptomycin, lOng 
of human epidermal growth factor (Sigma, Poole, UK) per ml. 

Virus-specific effector CTL present in the fresh PBMC were 
detected using autologous or allogeneic skin fibroblast target 
cells labelled with 50 ^ci of sodium [ 51 Cr] chromate (Amersham 
International, Aylesbury, UK)/10° cells for 18 hours at 37°C, 
washed three times, and then infected with 5 to 10 plaque-forming 
units/cell of recombinant vaccinia virus expressing either the 
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gag or env gene product from FIV/Glasgow-14 or FIV/Petaluma, 
respectively, or with wild-type vaccinia virus for 1 hour at 
37°C. Unbound virus was washed away, and the cells were 
incubated for an additional 2 hours to allow optimal expression 
of the FIV Gag and Env products. Standard microcytotoxicity 
assays were then performed in triplicate by adding appropriate 
numbers of effector cells to lxlO' 1 target cells to give effector: 
target (E:T) ratios of 50, 25, 12.5 and 6.25:1 as described 
previously (Flynn et al., (1996) supra). 

2. Isolation of FIV 

Peripheral blood mononuclear cells (PBMC) were isolated from 
heparinized venous peripheral blood by centr if ugation over 
Ficoll-Hypaque (Pharmacia LKB, Biotechnology Inc., Piscataway, 
NJ) . Then 10 b PMBC were co-cultivated as described in Hosie M.J. 
and Flynn J,N. (1996) J. Virol. 70 pp. 7561-7568). Samples of 
culture supernatant were tested at intervals for the presence of 
FIV p24 by ELISA (IDEXX Laboratories, Portland, ME) and cultures 
were maintained for 21 days before being scored as negative. 

3. Quantitative Virus Isolation 

The infectious virus burden was measured in peripheral blood 
mononuclear cells (PBMC) that had been isolated from heparinized 
peripheral blood by Ficoll-Paque separation (Pharmacia) , frozen 
and stored under liquid nitrogen. Decreasing numbers of PBMC (2 
x 10 6 , 2 x 10 5 , 2 x 10\ 2 x 10 3 , 2 x 10 2 , 20 and 2) were co- 
cultivated in duplicate in 24-well plates with 5 x 10 s Miyazawa-l 
cells in 1.5ml RPMI-1640 medium (Gibco) supplemented with 10% 
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foetal bovine serum (Imperial Laboratories) , 2 mmol/1 glutamine, 
100 IU penicillin, lOOmg/ml streptomycin (all from Gibco BRL) and 
5 x 10^ mol/1 2-mercaptoethanol (Sigma Chemical Co.)- Twice 
weekly, 0.5ml of the culture supernatant was removed and replaced 
with fresh medium. The culture supernatant collected on day 14 
was tested by ELISA for FIV p24 production (FIV antigen detection 
kit, IDEXX) . 

Example l: Construction of the Deletion in RT 

The F14 clone of FIV/Petaluma (Olmsted et al. 1989 supra) 
which includes approximately 9 kb of uncharacterised feline 
genomic DNA flanking the proviral sequence within the vector 
pGEM-7Zf + (Promega) includes a unique Pac 1 site within the RT 
region of the pol gene (nucleotides 3540-3547) . Linearised 
plasmid was purified by precipitation then digested with Bal31 
exonuclease under conditions calculated to allow a rate of 30 
bp/minute (Maniatis T. et al. supra) . After purification by 
phenol/chloroform extraction and ethanol precipitation, 
exonuclease digested DNA was recircular ised by ligation and the 
products were used to transform E.coli DS941 (Meaden et al. Gene 
(1994) Vol. 41 pp. 97-101). Clones were examined by polymerase 
chain reaction (PCR) amplification across a 235 bp region of pol 
encompassing the Pac 1 site. One clone (ART) (Sequence ID. No. 
5) with a large in-frame deletion 99bp was characterised by DNA 
sequencing using the PCR primers: 

(1) TGTGATATAGCCTTAAGAGC (3429-3448) (Sequence ID. No. 1) 
and 



WO 98/40493 PCT/GB98/00715 

26 

(2) TACCATGTTTCTGCTCCTGG (3645-3664) (Sequence ID No. 2) 

This clone was designated FIV-ART (Figure 1) (Sequence ID 
No. 5) . 

E*3mple 2; Characterisation of FIV-ART 

FIV-ART (50 plasmid DNA) was transfected into CrFK cells 
by calcium phosphate co-precipitation. The parental F14 plasmid 
served as positive control. After 3 days, syncytia were observed 
in the transfected cultures but not in mock-transf ected cells (no 
DNA) . This result implied that cells expressing the deleted 
provirus were able to fuse with neighbouring cells, presumably 
because they elaborated functional envelope glycoprotein. 
Syncytia were readily stained by immunofluorescence using serum 
pooled from FIV-inf ected cats. 

Production of viral proteins was also investigated by 
enzyme-linked immunosorbance assay (ELISA) and immunoblotting . 
Large amounts of Gag capsid protein (p24) were detected in 
culture supernatants 6 days after transfection with F14 or ART 
(Table 1) commercial antigen ELISA ("Petcheck" ; IDEXX 
Laboratories, USA). Other viral proteins in cell lysates were 
analysed by SDS PAGE and immunoblotting using serum pooled from 
FIV-inf ected cats. Gag precursor and mature (capsid) proteins, 
and also envelope surface glycoprotein, were observed. 

The capsid antigen could be pelleted from cell supernatants 
by ultracentrifugation, as detected by ELISA and immunoblotting. 
Thus the defective provirus was still capable of directing 
synthesis of antigenic particles. 
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RT activity was measured in culture supernatants . Cultures 
corresponding to wild type F14 were strongly positive, whereas 
cells transfected with FIV-ART showed no activity above 
background levels (Table 1) . 

The absence of infectious virus in the ART cultures was 
confirmed by passage of cells or supernatant fluids to fresh CrFK 
cell monolayers. After 7 days, no syncytium formation, p24 
antigen or RT activity was observed in cultures seeded with 
supernatant from ART-transf ected cells, whereas supernatant from 
cells transfected with wild-type FIV established infection 
rapidly. Occasional syncytia were observed in cultures seeded 
with ART - transfected cells, presumably centred around 
individual transfected cells carried over from the initial 
exposure to DNA. 

Example 3; Constru ction of CMV-ART 

A region from the 5 1 LTR to the primer binding site in F14ART 
was replaced by the immediate early promoter from human 
cytomegalovirus. This procedure was designed both to enhance 
expression of FIV antigens, and to reduce the risk of reversion 
to a replicating provirus, in tissues after inoculation of DNA. 
The construct was designated CMVART, and its construction was 
achieved as follows: 

Restriction sites for endonucleases Sal I and Sst I were 
mapped. F14ART was rearranged as in Figure 3 to an intermediate 
(designated ART-Sal/Sst) having a unique Sst I site. 
Accordingly, Sal I and Sst I were used to digest plasmid F 14 ART , 
the resulting mixture of fragments was religated and used to 
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transform E.coli (DS941) , and a clone with the structure expected 
of ART-Sal/Sst was identified. CMV sequences could then be 
introduced upstream of the Sst I site. 

A PCR product encompassing FIV sequences from the primer 
binding site to a point downstream of the Sst I site was derived 
from the F14 plasmid using Taq polymerase (Perkin Elmer) and the 
method of Saiki et al ( 1985) Science 230 pp. 1350-1354 ; The 
primers used (corresponding to co-ordinates 356-376 (Sequence ID 
No. 3) and 1963-1980 (Sequence ID No. 4) of the F14 provirus) 
were constructed with additional Sal I "tails", and had the 
sequences: GATCGTCGACGTTGGCGCCCGAACAGGACT (5 1 ) and 

GATCGTCGACTTATAAATCCAATAGTTT (3»). This PCR product was cloned 
into the Hinc II site of plasmid vector pIC19R (Marsh et al. 
(1984) Gene 32 pp 481-485) to yield pPBSGAG. FIV sequence from 
pPBSGAG was then released as a Sal I fragment and cloned into the 
Sal I site of pIC20H (Marsh et al. supra) to give pPBSSal. The 
CMV IE promoter was cloned infront of these FIV sequences as a 
Bgl II-Kpn I fragment from expression vector pcDNA3 (Invitrogen) , 
yielding pCMVPBS. An Sst I fragment from this clone, including 
the IE promoter and FIV sequences from the primer binding site 
to the proviral Sst I site, was then cloned into the Sst I site 
in ART-Sal/Sst. The resulting DNA sequence from within the CMV 
IE promoter to a point downstream of the FIV proviral Sst I site 
was confirmed by direct sequencing. 

The sequence of the Sst I fragment in CMVART is shown in 
Figure 4 (Sequence ID. No. 6) . FIV sequences downstream of the 
Sst I site are identical to those in F14 ART . 
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Construction of pRSV-v-IFN 



Feline y-interferon cDNA was available as a cDNA clone in 
pCR-ScriptSK (+) (Stratagene) as described in Argyle D.J, et al. 
(1995) (DNA Sequence 5, 169-171). The cDNA sequence was excised 
with restriction enzymes Hindlll and NOtI (Sequence ID No. 7) and 
inserted into pRc/RSV expression vector (Invitrogen) to produce 
the pRSV-ylFN plasmid. 

Example 5 EJV DNA Immunisation Trial: Protection of 



Procedure 

The efficacy of DNA immunisation to protect cats from 
infection with feline immunodeficiency virus (FIV) was 
determined. Twenty 12 week old kittens were randomised into 4 
groups of 5. The DNA used in the inoculations comprised a 
plasmid ART , either alone or in conjunction with feline y-IFN 
DNA , as shown below: 

Group No. Cat No. Plasmid 

Group 1 A481-485 lOOjLtg ART 

Group 2 A4 8 6-4 90 100/ig ART + 100/Lig pRSV-y- 



The cats were inoculated intramuscularly with test DNA at 
each of 4 sites with lOO^g DNA in 200/il PBS on weeks 0, 10 and 
23. The cats were challenged intraper itoneally on week 26 with 
25 cat infectious doses 50% (CID 5C ) of FIV-Petaluma derived from 
the F-14 molecular clone, propagated in Q201 cells (Willett et 



Vaccinated Cats 



Group 3 
Group 4 



A491-495 
A496-500 



I FN 

lOO^tg pRSV-y-IFN 
no DNA 
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al. (1991) AIDS Vol. 5 pp. 1469-1475). 
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Results 

Antibody responses were measured by immunoblott ing according 
to the method of Hosie M.J., 0. Jarrett (1990) AIDS 4 pp. 215-220 
and to peptides representing two immunodominant epitopes from the 
viral envelope proteins (V3 and TM) by enzyme linked 
immunosorbent assay (ELISA) (Hosie M.J. and Flynn J.N., (1996) 
J. Virol. 70 pp. 7561-7568) 3 weeks after each vaccination and 
3, 6, 9, and 12 weeks following challenge. 

Assays for cytotoxic T cell (CTL) activity against FIV Env 
and Gag proteins were conducted during the immunisation schedule 
and at the day of challenge (Hosie M-J. and Flynn J.N. (1996) 
supra) . 

Antibody Responses 

No antibodies were detected by peptide ELISA (as above) 
prior to the day of challenge. Following challenge, any antibody 
responses could therefore be equated with infection. The results 
are included in Table 2. 

Cytotoxic T Cell Response (CTL Responses) 

FIV Gag- and Env-specific effector CTL activity was detected 
following the method of Hosie M.J. and Flynn J.N. (1996) supra, 
in the fresh peripheral blood of all cats immunised with the ART 
plasmid (A481-A485) three weeks following vector delivery. The 
response was only observed on autologous target cells, suggesting 
that the response was MHC-restr icted . Furthermore, there was no 
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recognition of target cells infected with the wild-type vaccinia 
virus confirming the specificity of the response. The FIF Gag- 
specific responses appeared higher than (A481 and A482) or 
similar to the levels of Env- specific lysis observed at an E:T 
ratio 50:1 and levels ranged between 20 and 54%. This pattern 
of responses is similar to that observed in the peripheral blood 
of cats immunised with inactivated whole virus vaccine based on 
the FL4 cell line. However, the levels of specific lysis 
observed with WIV inactivated virus vaccines are generally 
slightly lower than those detected in the present study with the 
ART plasmid, and the predominant CTL response is directed towards 
Env rather than Gag (Flynn et al., (1995) Aids Res. Human Retro. 
11 pp. 1107-1113, Hosie and Flynn, (1996) supra). 

Co-immunisation with the ART plasmid and a feline 7-IFN 
plasmid induced very high levels (up to 73% specific lysis) of 
Gag-specific lysis in 3 out of 5 vaccinated cats (A486, A488 and 
A490) , and Env-specific lysis in 2 out of 5 cats (A487 and A489). 
However, this response did not appear to be entirely MHC- 
restricted since considerable lysis of allogeneic target cells 
was also observed. The non-specific nature of the cytolytic 
responses observed was further confirmed by the recognition of 
autologous target cells infected with wild-type vaccinia virus, 
in 3 out of 5 cats. Immunisation with the 7-IFN plasmid alone 
resulted in the induction of FIV-specific cytolytic responses in 
3 out of 5 cats (A491 to A493), in either autologous or 
allogeneic target cells. In addition, high levels of lysis were 
observed in 2 cats (A492 and A493) using target cells infected 
with wild-type vaccinia virus. These results suggest that in 
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vivo delivery of the feline 7-IFN plasmid to cats may elicit non- 
specific cellular immune responses such as NK-type activity. 

No FIV-specific immune responses were detected in control 
cats immunised with PBS alone. 

By 6 weeks after vector delivery, significant levels (>10% 
specific lysis) of FIV Gag-specific CTL activity was detectable 
in 4 out of 5 cats immunised with the ART plasmid, and 3 of these 
cats also had significant levels of Env-specific CTL activity. 
However, the levels detected were lower than those observed at 
3 weeks post immunisation. In the group immunised with ART and 
7-IFN plasmids, no FIV-specific CTL activity was detected. 
Likewise no CTL activity was detected in the control groups 
immunised with 7-IFN alone or with PBS, the one exception being 
A491 which displayed a response to FIV Gag and Env. 

At 10 weeks post immunisation the CTL responses detected in 
the group immunised with ART had declined still further, with FIV 
Gag-specific activity detectable in one cat (A484) and Env- 
specific activity in another (A482) . At this time Gag-specific 
lysis was observed in 2 cats immunised with ART together with 7- 
IFN and Env-specific activity was observed in A490. However the 
levels observed were rather low compared to those at the 3 week 
time point. Again no activity was observed in control cats. The 
cats were re-boosted at this time and the FIV-specific CTL 
responses induced the peripheral blood analysed 2 weeks later. 

The boost at week 10 had the effect of raising the FIV Gag- 
specific CTL activity in 3 out of 5 cats immunised with the ART 
construct, in addition non-specific responses were detected in 
2 cats. A similar effect was noted in cats immunised with ART 
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and 7-IFN, with Gag-specific CTL activity boosted in 2 cats. 
A490 maintained similar levels of Env-specific lysis to that 
observed at week 10. Negligible FIV-specific lysis was recorded 
in control cats. 

Assays performed at weeks 16 and 20 were unremarkable, and 
assays performed on the day of challenge with 25 CID 50 of F14 
FIV/Petaluma , revealed low levels (12-15% specific lysis) of Gag- 
specific CTL activity in 2/5 ART immunised cats and negligible 
activity in the cats immunised with ART and 7-IFN. 

Results of Virus Detection 

Virus isolation from PBMC was attempted following 
immunisation but was negative at all times prior to and including 
the day of challenge, indicating that there was no reversion to 
virulence of the mutant provirus during this period. Following 
challenge, cats were monitored for infection by virus isolation. 
By 9 weeks post challenge, 5/5 control cats receiving no DNA had 
become infected, together with 5/5 cats inoculated with feline 
7-IFN DNA. In contrast, there was evidence of protection in the 
groups inoculated with ART DNA (Table 3) . No virus could be 
isolated from one of the 5 cats in group 1 or from 3/5 cats in 
group 2. Furthermore, the viral loads measured by quantitative 
co-culture of PBMC with MYA cells in the infected cats that had 
been inoculated with ART were lower than those of the cats in the 
two control group (Table 4) . 
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Since several parameters that were measured gave an 
indication of infection and viral load following challenge, a 
clinical scoring system was adopted in order to compare the 
outcomes between groups (Table 5a) . Clinical scores were 
significantly lower in the groups immunised with ART and ART + 
y-IFN compared to their appropriate control (p < 0.05 and 0,005 
respectively, Table 5b) , providing further evidence that FIV DNA 
immunisation induced protective immunity that was augmented by 
feline y-IFN DNA. 

Example $ Shortened FIVART Immunisation schedule 

To investigate whether the earlier described immunisation 
schedule could be reduced without compromising protection, a 
second experiment was conducted in which 2 groups of 5 cats 
received either FIVART + IFN-y or IFN-y alone at 0,4 and 8 weeks. 
As in the first trial, this regimen induced broad spectrum 
cytolytic activity but no detectable antibody responses using the 
same series of assays. After challenge at 12 weeks, 2/5 
vaccinates remained seronegative and virus could not be isolated 
at any of the times tested (Table 6(a) and 6(b)) whereas all of 
the IFN-y alone controls became seropositive and positive by 
virus isolation, consistent with the results of the first trial. 
Again, immunoblot analysis corroborated these findings fully. 
Quantitative measurements of virus in the second trial (Figure 
6) revealed that at 6 weeks post challenge, the FIVART+ IFN-y 
vaccinates developed significantly lower viral loads compared to 
the IFN-y vaccinates (P=0.027). 
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Table 1: 


Production of p24 but not 


RT by ART DNA 




Post transfection 


Post supernatant 
transfer 


DNA 


p24 RT 

(OD 405 ) 


p2 4 RT 

(OD 405 ) 


F14 


>3*00 255 


>3.00 2329 


ART 


1.07 98 


0 86 


Control 


0.11 87 


0 91 
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Table 3: Protection against FIV infection induced by DNA 
immunisation 



Group 


Inoculum 


Proportion 
protected 


1 


ART 


1/5 


2 


ART + 7-IFN 


3/5 


3 


7-IFN 


0/5 


4 


PBS 


0/5 
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Table 4: Results of Quantiative Virus Isolation 



Number of PBMC Plated 


DNA 


Cat No. 


2X10 6 


2X10 5 


2xl0 4 


RT 


A481 1 


1/2 


0/2 


0/2 




A482 1 


1/2 


0/2 


0/2 




A483 1 


0/2 2 


0/2 


0/2 




A484 1 


0/1 


0/2 


0/2 




A485 1 


0/2 


0/2 


0/2 












RT+ylFN 


A486 : 


0/2 


0/2 


0/2 




A487 


1/2 


0/2 


0/2 




A488 


0/2 


0/2 


0/2 




A489 1 


0/2 


0/2 


0/2 




A4 9 0 1 


0/2 


0/2 


0/2 












Y-IFN 


A4 91 


2/2 


1/2 


0/2 




A492 1 


0/2 


0/2 


0/2 




A493 1 


2/2 


1/2 


0/2 




A494 1 


0/1 


0/2 


0/2 




A495 


2/2 


1/2 


0/2 












None (PBS) 


A496 1 


2/2 


1/2 


0/2 




A497 


2/2 


1/2 


0/2 




A498 


2/2 


0/2 


0/2 




A499' 


2/2 


0/2 


0/2 




A500 


nd 


o/i 


0/2 



1 x 10 6 cells available for test 
2 l/2 wells near cut off OD 
nd - not done 
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Table 5: Ranking of results by clinical score 



a. Clinical Score Ratings 

Virus isolation 

positive at 3 weeks pc 1 

positive at 6 weeks pc 1 

Immunoblot analysis of plasma pc 

positive at 6 weeks pc 1 

positive at 9 weeks pc 1 

Viral load quantiation 

virus isolated from 2 x 10 6 PBMC 1 

virus isolated from 2 x 10 5 PBMC 1 

virus isolated from 2 x 10 4 PBMC 1 

Possible maximum score 7 



b. . Clinical Scores of Cats following challenge 



Group 


1 




Group 3 




ART 






7IFN 




A481 


3 




A491 


6 


A482 


4 




A492 


4 


A483 


2 




A493 


5 


A484 


0 




A494 


3 


A485 


4 




A495 


6 


mean 


2. 


6 1 




4.8 


SEM 


0. 


75 




0, 58 


Group 


2 




Group 4 




ART +7 I FN 




PBS 




A486 


0 




A496 


5 


A487 


4 




A497 


6 


A488 


0 




A498 


4 


A489 






A499 


4 


A490 


0 




A500 


4 


mean 


1. 


4 2 




4 . 6 


SEM 


0. 


87 




0.4 


! P = 0 


. 0462 








2 P = 0 


.0103 
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Claims 

1. A vaccine formulation comprising a FIPV polynucleotide 
comprising a dysfunctional pol gene which is substantially 
incapable of encoding a functionally competent RT or a 
functional RT fragment thereof. 

2. A formulation according to claim 1 wherein the FIPV 
polynucleotide comprises a deletion within the RT domain of 
the pol gene. 

3. A formulation according to claim 1 or claim 2 wherein the 
deletion within the RT domain of the pol gene is an in- 
frame deletion. 

4. A formulation according to any one of the preceding claims 
further comprising a polynucleotide fragment encoding a 
cytokine . 

5. A formulation according to claim 4 wherein the 
polynucleotide fragment encoding the said cytokine is 
located within an in-frame deletion site within the RT 
domain of the pol gene. 

6. A formulation according to claim 4 or claim 5 wherein the 
cytokine is feline interf eron-7 . 
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7. A formulation according to any one of claims 1 to 6 wherein 
the FIPV polynucleotide comprises a deletion located at a 
restriction enzyme site unique to the RT domain of the pol 
gene . 

8- A formulation according to claim 7 wherein the FIPV 
polynucleotide comprises a deletion located at a 
restriction enzyme site selected from Ncol, Pacl and Sphl. 

9. A formulation according to any one of the preceding claims 
wherein the FIPV polynucleotide is in naked form. 

10. A formulation according to any one of claims 1 to 8 wherein 
the FIPV polynucleotide fragment is in the form of a 
vector. 

11. A formulation according to any preceding claim further 
comprising an adjuvant. 

12. A vaccine formulation according to any one of claims 1 to 
9 and 11 wherein the FIPV polynucleotide is in the form of 
a salt. 
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13. A FIPV polynucleotide fragment which is substantially 
incapable of encoding a functional RT or a functional RT 
fragment thereof for use as a medicament for FIV-related 
disease . 

14. A FIPV polynucleotide fragment comprising a deletion within 
the RT domain of the pol gene for use as a medicament for 
FIV-related disease. 

15. A FIPV polynucleotide fragment comprising an in-frame 
deletion within the RT domain of the pol gene for use as a 
medicament for FIV-related disease. 

16. A polynucleotide fragment according to any one of claims 13 
to 15 further comprising a polynucleotide fragment encoding 
a cytokine for use as a medicament for FIV-related disease. 

17. A polynucleotide fragment according to claim 16 wherein the 
polynucleotide encoding a cytokine is located within an in- 
frame deletion site of the polynucleotide fragment encoding 
a FIPV, for use as a medicament for FIV-related disease. 

18. Use of a FIPV comprising a dysfunctional pol gene in the 
manufacture of a vaccine for the prophylaxis and/or therapy 
of FIV-related disease. 
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19. Use of a FIPV according to claim 18 wherein the pol gene 
comprises a deletion within its RT domain. 

20. Use according to claim 18 or claim 19 wherein the pol gene 
comprises an in-frame deletion within its RT domain. 

21. Use according to any one of claims 18 or 20 wherein the pol 
gene comprises a deletion located at an enzyme restriction 
site selected from Pad, Ncol and Sphl. 

22. A method of vaccinating against FIV-related disease in a 
mammal which comprises administering to the mammal an 
effective, non-toxic amount of a vaccine formulation 
according to any one of claims 1 - 12 or a polynucleotide 
fragment according to any one of claims 24 - 26. 

23. A method according to claim 22 wherein the vaccine 
formulation comprises an FIPV fragment comprising an in- 
frame^ deletion within the RT domain of the pol gene. 

24. A FIPV polynucleotide fragment comprising an in-frame 
deletion and/or insertion therein in the RT region of the 
RT domain of the pol gene. 

25. A polynucleotide fragment according to claim 24 comprising 
an in-frame insertion therein comprising at least one 
nucleotide in the RT region of the RT domain of the pol 
gene . 
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26. A FIPV polynucleotide fragment according to claim 24 or 
claim 25 wherein the at least one nucleotide is a further 
polynucleotide fragment encoding for a cytokine in an in- 
frame deletion site of the RT domain of the pol gene. 

27. A polynucleotide fragment according to any one of claims 24 
to 26 wherein the cytokine is feline interf eron-7 . 
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FIG.1 

1 TGGGATGAGT ATTGGAACCC TGAAGAAATA GAAAGAATGC TTATGGACTA 

51 GGGACTGTTT ACGAACAAAT GATAAAAGGA AATAGCTGAG CATGACTCAT 

101 AGTTAAAGCG CTAGCAGCTG CCTAACCGCA AAACCACATC CTATGGAAAG 

151 CTTGCTAATG ACGTATAAGT TGTTCCATTG TAAGAGTATA TAACCAGTGC 

201 TTTGTGAAAC TTCGAGGAGT CTCTTTGTTG AGGACTTTTG AGTTCTCCCT 

251 TGAGGCTCCC ACAGATACAA TAAATATTTG AGATTGAACC CTGTCGAGTA 

301 TCTGTGTAAT CTTTTTTACC TGTGAGGTCT CGGAATCCGG GCCGAGAACT 

351 TCGCAGTTGG CGCCCGAACA GGGACTTGAT TGAGAGTGAT TGAGGAAGTG 

401 AAGCTAGAGC AATAGAAAGC TGTTAAGCAG AACTCCTGCT GACCTAAATA 

451 GGGAAGCAGT AGCAGACGCT GCTAACAGTG AGTATCTCTA GTGAAGCGGA 

501 CTCGAGCTCA TAATCAAGTC ATTGTTTAAA GGCCCAGATA AATTACATCT 

551 GGTGACTCTT CGCGGACCTT CAAGCCAGGA GATTCGCCGA GGGACAGTCA 

601 ACAAGGTAGG AGAGATTCTA CAGCAACATG GGGAATGGAC AGGGGCGAGA 

651 TTGGAAAATG GCCATTAAGA GATGTAGTAA TGTTGCTGTA GGAGTAGGGG 

701 GGAAGAGTAA AAAATTTGGA GAAGGGAATT TCAGATGGGC CATTAGAATG 

751 GCTAATGTAT CTACAGGACG AGAACCTGGT GATATACCAG AGACTTTAGA 

801 TCAACTAAGG TTGGTTATTT GCGATTTACA AGAAAGAAGA GAAAAATTTG 
851 GATCTAGCAA AGAAATTGAT ATGGCAATTG TGACATTAAA AGTCTTTGCG 

901 GTAGCAGGAC TTTTAAATAT GACGGTGTCT ACTGCTGCTG CAGCTGAAAA 

951 TATGTATTCT CAAATGGGAT TAGACACTAG GCCATCTATG AAAGAAGCAG 
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FIG .1 (cont'd) 

1001 GTGGAAAAGA GGAAGGCCCT CCACAGGCAT ATCCTATTCA AACAGTAAAT 

1051 GGAGTACCAC AATATGTAGC ACTTGACCCA AAAATGGTGT CCATTTTTAT 

1101 GGAAAAGGCA AGAGAAGGAC TAGGAGGTGA GGAAGTTCAA CTATGGTTTA 

1151 CTGCCTTCTC TGCAAATTTA ACACCTACTG ACATGGCCAC ATTAATAATG 

1201 GCCGCACCAG GGTGCGCTGC AGATAAAGAA ATATTGGATG AAAGCTTAAA 

1251 GCAACTGACA GCAGAATATG ATCGCACACA TCCCCCTGAT GCTCCCAGAC 

1301 CATTACCCTA TTTTACTGCA GCAGAAATTA TGGGTATAGG ATTAACTCAA 

1351 GAACAACAAG CAGAAGCAAG ATTTGCACCA GCTAGGATGC AGTGTAGAGC 

1401 ATGGTATCTC GAGGCATTAG GAAAATTGGC TGCCATAAAA GCTAAGTCTC 

1451 CTCGAGCTGT GCAGTTAAGA CAAGGAGCTA AGGAAGATTA TTCATCCTTT 

1501 ATAGACAGAT TGTTTGCCCA AATAGATCAA GAACAAAATA CAGCTGAAGT 

1551 TAAGTTATAT TTAAAACAGT CATTGAGCAT AGCTAATGCT AATGCAGACT 

1601 GTAAAAAGGC AATGAGCCAC CTTAAGCCAG AAAGTACCCT AGAAGAAAAG 

1651 TTGAGAGCTT GTCAAGAAAT AGGCTCACCA GGATATAAAA TGCAACTCTT 
1701 GGCAGAAGCT CTTACAAAAG TTCAAGTAGT GCAATCAAAA GGATCAGGAC 

1751 CAGTGTGTTT TAATTGTAAA AAACCAGGAC ATCTAGCAAG ACAATGTAGA 

1801 GAAGTGAAAA AATGTAATAA ATGTGGAAAA CCTGGTCATG TAGCTGCCAA 

1851 ATGTTGGCAA GGAAATAGAA AGAATTCGGG AAACTGGAAG GCGGGGCGAG 

1901 CTGCAGCCCC AGTGAATCAA ATGCAGCAAG CAGTAATGCC ATCTGCACCT 

1951 CCAATGGAGG AGAAACTATT GGATTTATAA ATTATAATAA AGTAGGTACT 

2001 ACTACAACAT TAGAAAAGAG GCCAGAAATA CTCATATTTG TAAATGGATA 
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FIG .1 (cont'd) 

2051 TCCTATAAAA TTTTTATTAG ACACAGGAGC AGATATAACA ATTTTAAATA 

2101 GGAGAGATTT TCAAGTAAAA AATTCTATAG AAAATGGAAG GCAAAATATG 

2151 ATTGGAGTAG GAGGAGGAAA GAGAGGAACA AATTATATTA ATGTACATTT 

2201 AGAGATTAGA GATGAAAATT ATAAGACACA ATGTATATTT GGTAATGTTT 

2251 GTGTCTTAGA AGATAACTCA TTAATACAAC CATTATTAGG GAGAGATAAT 

rRT 

2301 ATGATTAAAT TCAATATTAG GTTAGTAATG GCTCAflATTT CTGATAAGAT 
2351 TCCAGTAGTA AAAGTAAAAA TGAAGGATCC TAATAAAGGA CCTCAAATAA 
2401 AACAATGGCC ATTAACAAAT GAAAAAATTG AAGCCTTAAC AGAAATAGTA 
2451 GAAAGACTAG AAAGAGAAGG GAAAGTAAAA AGAGCAGATC CAAATAATCC 
2501 ATGGA ATACA CCAGTATTTG CTATAAAAAA GAAAAGTGGA AAATGGAGAA 
2551 TGCTCATAGA TTTTAGAGAA TTAAACAAAC TAACTGAGAA AGGAGCAGAG 
2601 GTCCAGTTGG GACTACCTCA TCCTGCTGGT TTACAAATAA AAAAACAAGT 
2651 AACAGTATTA GATATAGGGG ATGCATATTT CACCATTCCT CTTGATCCAG 
2701 ATTATGCTCC TTATACAGCA TTTACTTTAC CTAGAAAAAA TAATGCGGGA 
2751 CCAGGAAGGA GATTTGTGTG GTGTAGTCTA CCACAAGGCT GGATTTTAAG 
2801 TCCATTGATA TATCAAAGTA CATTAGATAA TATAATACAA CCTTTTATTA 
2851 GACAAAATCC TCAATTAGAT ATTTACCAAT ATATGGATGA CATTTATATA 
2901 GGATCAAATT TAAGTAAAAA GGAGCATAAA GAAAAGGTAG AAGAATTAAG 
2951 AAAATTACTA TTATGGTGGG GATTTGAAAC TCCAGAAGAT AAATTACAGG 
3001 AAGAACCCCC ATATACATGG ATGGGTTATG AATTACATCC ATTAACATGG 

3051 ACAATACAAC AGAAACAGTT AGACATTCCA GAACAGCCCA CTCTAAATGA 
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FIG.Kcont'd) 

3101 GTTGCAAAAA TTAGCAGGAA AAATTAATTG GGCTAGCCAA GCTATTCCAG 

3151 ACTTGAGTAT AAAAGCATTA ACTAACATGA TGAGAGGAAA TCAAAACCTA 

3201 AATTCAACAA GACAATGGAC TAAAGAAGCT CGACTGGAAG TACAAAAGGC 

3251 AAAAAAGGCT ATAGAAGAAC AAGTACAACT AGGATACTAT GACCCCAGTA 

3301 AGGAGTTATA TGCTAAATTA AGTTTGGTGG GACCACATCA AATAAGTTAT 

3351 CAAGTATATC AGAAGGATCC AGAAAAGATA CTATGGTATG GAAAAATGAG 

3401 TAGACAAAAG AAAAAGGCAG AAAATACATG TGATATAGCC TTAAG AGCAT 

X Z\RT 

3451 GCTATAAGAT AAGAGAAGAG TCTATTATAA GAATAGGAAA AGAACCjAAGA 

3501 TATGAAATAC CTACTTCTAG AGAAGCCTGG GAATCAAAT T TAATTAA TTC 

i ART 

3551 ACCATATCTT AAGGCCCCAC CTCCTGAGGT AGAATATATC CATGCjTGCTT 

3601 TGAATATAAA GAGAGCGTTA AGTATGATAA AAGATGCTCC AATACCAGGA 

36 51 GCAGAAACAT GGTATATAGA TGGAGGTAGA AAGCTAGGAA AAGCAGCAAA 

37 01 AGCAGCCTAT TGGACAGATA CAGGAAAGTG GCAAGTGATG GAATTAGAAG 

3751 GCAGTAATCA GAAGGCAGAA ATACAAGCAT TATTATTGGC ATTAAAAGCA 

3801 GGATCAGAGG AGATGAATAT TATAACAGAT TCACAATATG TTATAAATAT 

3851 TATTCTTCAA CAACCAGATA TGATGGAGGG AATCTGGCAA GAAGTTTTAG 

39 01 AAGAATTGGA GAAGAAAACA GCAATATTTA TAGATTGGGT CCCAGGACAT 

3951 AAAGGTATTC CAGGAAATGA GGAAGTAGAT AAGCTTTGTC AAACAATGAT 

RT "L 

4001 GATAATAGAA GGGGATGGGA TATTAGATAA AAGGTCAGAA GATGCAGGAT 

4051 ATGATTTATT AGCTGCAAAA GAAATACATT TATTGCCAGG AGAGGTAAAA 

4101 GTAATACCAA CAGGGGTAAA GCTAATGTTG CCTAAAGGAT ATTGGGGATT 
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FIG .1 (cont'd) 

4151 AATAATAGGA AAAAGCTCGA TAGGGAGTAA AGGATTGGAT GTATTAGGAG 
4201 GGGTAATAGA CGAAGGATAT CGAGGTGAAA TTGGAGTAAT AATGATTAAT 
4251 GTATCAAGAA AATCAATCAC CTTAATGGAA CGACAAAAGA TAGCACAATT 
4301 AATAATATTG CCTTGTAAAC ATGAAGTATT AGAACAAGGA AAAGTAGTAA 
4351 TGGATTCAGA GAGAGGAGAC AATGGTTATG GGTCAACAGG AGTATTCTCC 
4401 TCTTGGGTTG ACAGAATTGA GGAAGCAGAA ATAAATCATG AAAAATTTCA 
4451 CTCAGATCCA CAGTACTTAA GGACTGAATT TAATTTACCT AAAATGGTAG 
4501 CAGAAGAGAT AAGACGAAAA TGCCCAGTAT GCAGAATCAG AGGAGAACAA 
4551 GTGGGAGGAC AATTGAAAAT AGGGCCTGGT ATCTGGCAAA TGGATTGCAC 
4601 ACACTTTGAT GGCAAAATAA TTCTTGTGGG TATACATGTG GAATCAGGAT 
4651 ATATATGGGC ACAAATAATT TCTCAAGAAA CTGCTGACTG TACAGTTAAA 
4701 GCTGTCTTAC AATTGTTGAG TGCTCATAAT GTTACTGAAT TACAAACAGA 
4751 TAATGGACCA AATTTTAAAA ATCAAAAGAT GGAAGGAGTA CTCAATTACA 
4801 TGGGTGTGAA ACATAAGTTT GGTATCCCAG GGAACCCACA GTCACAAGCA 
4851 TTAGTTGAAA ATGTAAATCA TACATTAAAA GTTTGGATTC GGAAATTTTT 
4901 GCCTGAAACA ACCTCCTTGG ATAATGCCTT ATCTCTCGCT GTACATAGTC 
4951 TCAATTTTAA AAGAAGAGGT AGGATAGGAG GGATGGCCCC TTATGAATTA 
5001 TTAGCACAAC AAGAATCCTT AAGAATACAA GATTATTTTT CTGCAATACC 
5051 ACAAAAATTG CAAGCACAGT GGATTTATTA TAAAGATCAA AAAGATAAGA 

5101 AATGGAAAGG ACCAATGAGA GTAGAATACT GGGGACAGGG ATCAGTATTA 

5151 TTAAAGGATG AAGAGAAGGG ATATTTTCTT ATACCTAGGA GACACATAAG 
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FIG .1 (cont'd) 

5201 GAGAGTTCCA GAACCCTGCG CTCTTCCTGA AGGGGATGAG TGAAGAAGAT 
5251 TGGCAGGTAA GTAGAAGACT CTTTGCAGTG CTCCAAGGAG GAGTAAATAG 
5301 CGCTATGCTA TACATATCTA GGCTACCTCC GGATGAAAGA GAAAAGTATA 
5351 AAAAAGACTT CAAGAAAAGA CTTTTTGACA CAGAAACAGG ATTTATAAAG 
5401 AGACTACGGA AAGCTGAAGG AATAAAATGG AGCTTTCATA CTAGAGATTA 
5451 TTACATAGGA TATGTCAGAG AAATGGTGGC AGGATCCACT ACATCATTAA 
5501 GTCTAAGGAT GTATATATAT ATAAGTAACC CACTATGGCA TTCTCAGTAT 
5551 CGTCCAGGTT TGAAAAATTT CAATAAGGAA TGGCCTTTTG TAAATATGTG 
5601 GATAAAAACA GGATTTATGT GGGATGATAT TGAAAAACAA AATATTTGTA 
5651 TAGGAGGAGA AGTTTCACCA GGATGGGGAC CAGGGATGGT AGGTATAGCA 
5701 ATAAAAGCTT TTAGTTGTGG CGAAAGAAAG ATTGAGGCTA CTCCTGTAAT 
5751 GATTATAAGA GGAGAAATAG ATCCAAAAAA ATGGTGCGGA GATTGTTGGA 
5801 ATTTAATGTG TCTTAGAAAC TCACCTCCAA AGACTTTACA AAGACTCGCT 
5851 ATGTTGGCGT GTGGCGTGCC GGCTAAGAAG TGGCGAGGAT GCTGTAATCA 
5901 ACGCTTTGTT TCTCCTTACA GAACGCCTGC TGATTTAGAG GTCATTCAAT 
5951 CCAAGCCCAG CTGGAACCTG TTATGGTCGG GAGAATTATG AATGGAAGAC 
6001 ATAATAGTAT TATTCAATAG GGTCACTGAG AAACTAGAAA AAGAATTAGC 
6051 TATCAGAATA TTTGTATTAG CACATCAATT AGAAAGGGAC AAAGCTATTA 
6101 GATTACTACA AGGATTATTT TGGAGATATA GATTTAAGAA ACCCCGAGTA 
6151 GATTATTGTT TATGTTGGTG GTGTTGCAAA TTCTATTATT GGCAGTTGCA 

6201 ATCTACATTA TCAATAACTA CTGCTTAGAA ATATTTAGAT TAATATTTCA 
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FIG .Kcont'd) 

6251 TTTGCAACAA TAAGAATGGC AGAAGGATTT GCAGCCAATA GACAATGGAT 
6301 AGGACTAGAA GAAGCTGAAG AGTTATTAGA TTTTGATATA GCAACACAAA 
6351 TGAGTGAAGA AGGACCACTA AATCCAGGAG TAAACCCATT TAGGGTACCT 
6401 GGAATAACAG AAAAAGAAAA GCAAAACTAC TGTAACATAT TACAACCTAA 
6451 GTTACAAGAT CTAAGGAACG AAATTCAAGA GGTAAAACTG GAAGAAGGAA 
6501 ATGCAGGTAA GTTTAGAAGA GCAAGATTTT TAAGGTATTC TGATGAAAGT 
6551 GTATTGTCCC TGGTTCATGC GTTCATAGGA TATTGTATAT ATTTAGGTAA 
6601 TCGAAATAAG TTAGGATCTT TAAGACATGA CATTGATATA GAAGCACCCC 
6651 AAGAAGAGTG TTATAATAAT AGAGAGAAGG GTACAACTGA CAATATAAAA 
6701 TATGGTAGAC GATGTTGCCT AGGAACGGTG ACTTTGTACC TGATTTTATT 
6751 TATAGGAATA ATAATATATT CACAGACAAC CAACGCTCAG GTAGTATGGA 
6801 GACTTCCACC ATTAGTAGTC CCAGTAGAAG AATCAGAAAT AATTTTTTGG 
6851 GATTGTTGGG CACCAGAAGA ACCCGCCTGT CAGGACTTTC TTGGGGCAAT 
6901 GATACATCTA AAAGCTAAGA CAAATATAAG TATACGAGAG GGACCTACCT 
6951 TGGGGAATTG GGCTAGAGAA ATATGGGCAA CATTATTCAA AAAGGCTACT 
7001 AGACAATGTA GAAGAGGCAG AATATGGAAA AGATGGAATG AGACTATAAC 
7051 AGGACCATCA GGATGTGCTA ATAACACATG TTATAATGTT TCAGTAATAG 
7101 TACCTGATTA TCAGTGTTAT TTAGATAGAG TAGATACTTG GTTACAAGGG 
7151 AAAATAAATA TATCATTATG TCTAACAGGA GGAAAAATGT TGTACAATAA 
7201 AGTTACAAAA CAATTAAGCT ATTGTACAGA CCCATTACAA ATCCCACTGA 
7251 TCAATTATAC ATTTGGACCT AATCAAACAT GTATGTGGAA TACTTCACAA 
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FIG .1 (cont'd) 

7301 ATTCAGGACC CTGAAATACC AAAATGTGGA TGGTGGAATC AAATGGCCTA 

7351 TTATAACAGT TGTAAATGGG AAGAGGCAAA AGTAAAGTTT CATTGTCAAA 

7401 GAACACAGAG TCAGCCTGGA TCATGGTTTA GAGCAATCTC GTCATGGAAA 

7451 CAAAGAAATA GATGGGAGTG GAGACCAGAT TTTGAAAGTA AAAAGGTGAA 

7501 AATATCTCTA CAGTGCAATA GCACAAAAAA CCTAACCTTT GCAATGAGAA 

7551 GTTCAGGAGA TTATGGAGAA GTAACGGGAG CTTGGATAGA GTTTGGATGT 

7601 CATAGAAATA AATCAAAACT TCATGCTGAA GCAAGGTTTA GAATTAGATG 

7651 TAGATGGAAT GTAGGGAGTA ATACCTCGCT CATTGATACA TGTGGAAACA 

7701 CTCAAAAAGT TTCAGGTGCG AATCCTGTAG ATTGTACCAT GTATTCAAAT 

7751 AAAATGTACA ATTGTTCTTT ACAAAACGGG TTTACTATGA AGGTAGATGA 
7B01 CCTTATTATG CATTTCAATA TGAAAAAGGC TGTAGAAATG TATAATATTG 

7351 CTGGAAATTG GTCTTGTACA TCTGACTTGC CATCGTCATG GGGGTATATG 

7901 AATTGTAATT GTACAAATAG TAGTAGTAGT TATAGTGGTA CTAAAATGGC 

7951 ATGTCCTAGC AATCGAGGCA TCTTAAGGAA TTGGTATAAC CCAGTGGCAG 

8001 GATTACGACA ATCCTTAGAA CAGTATCAAG TTGTAAAACA ACCAGATTAC 

8051 TTAGTGGTCC CAGAGGAAGT CATGGAATAT AAACCTAGAA GGAAAAGGGC 

8101 AGCTATTCAT GTTATGTTGG CTCTTGCAGC AGTATTATCT ATTGCCGGTG 

8151 CAGGGACGGG GGCTACTGCT ATAGGGATGG TAACACAATA CCACCAAGTT 

8201 CTGGCAACCC ATCAAGAAGC TGTAGAAAAG GTGACTGAAG CCTTAAAGAT 

8251 AAACAACTTA AGATTAGTTA CATTAGAGCA TCAAGTACTA GTAATAGGAT 

8301 TAAAAGTAGA AGCTATGGAA AAATTTTTGT ATACAGCTTT CGCTATGCAA 

• 8351 GAATTAGGAT GTAATCAAAA TCAATTTTTC TGCAAAATCC CTCCTGAGTT 
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FJG .Kcont'd) 

8401 GTGGACAAGG TATAATATGA CTATAAATCA AACAATATGG AATCATGGAA 

8451 ATATAACTTT GGGGGAATGG TATAACCAAA CAAAAGATTT ACAACAAAAG 

8501 TTTTATGAAA TAATAATGGA CATAGAACAA AATAATGTAC AAGGGAAGAA 

8551 AGGGATACAA CAATTACAAA AGTGGGAAGA TTGGGTAGGA TGGATAGGAA 
8601 ATATTCCACA ATATTTAAAG GGACTATTGG GAGGTATCTT GGGAATAGGA 

8651 TTAGGAGTGT TATTATTGAT TTTATGTTTA CCTACATTGG TTGATTGTAT 

8701 AAGAAATTGT ATCCACAAGA TACTAGGATA CACAGTAATT GCAATGCCTG 

8751 AAGTAGAAGG AGAAGAAATA CAACCACAAA TGGAATTGAG GAGAAATGGT 

8801 AGGCAATGTG GCATGTCTGA AAAAGAGGAG GAATGATGAA GTATCTCAGA 

8851 CTTATTTTAT AAGGGAGATA CTGTGCTGAG TTCTTCCCTT TGAGGAAGGT 

8901 ATGTCATATG AATCCATTTC GAATCAAATC AAACTAATAA AGTATGTATT 

8951 GTAAGGTAAA AGGAAAAGAC AAAGAAGAAG AAGAAAGAAG AAAGCCTTCA 

9001 AGAGGATGAT GACAGAGTTA GAAGATCGCT TCAGGAAGCT ATTTGGCACG 

9051 ACTTCTACAA CGGGAGACAG CACAGTAGAT TCTGAAGATG AACCTCCTAA 

9101 AAAAGAAAAA AGGGTGGACT GGGATGAGTA TTGGAACCCT GAAGAAATAG 

9151 AAAGAATGCT TATGGACTAG GGACTGTTTA CGAACAAATG ATAAAAGGAA 

9201 ATAGCTGAGC ATGACTCATA GTTAAAGCGC TAGCAGCTGC CTAACCGCAA 

9251 AACCACATCC TATGGAAAGC TTGCTAATGA CGTATAAGTT GTTCCATTGT 

9301 AAGAGTATAT AACCAGTGCT TTGTGAAACT TCGAGGAGTC TCTTTGTTGA 

9351 GGACTTTTGA GTTCTCCCTT GAGGCTCCCA CAGATACAAT AAATATTTGA 

9401 GATTGAACCC TGTCGAGTAT CTGTGTAATC TTTTTTACCT GTGAGGTCTC 

9451 GGAATCCGGG CCGAGAACTT CGCA 
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CTACTGATTTCAACTTCTTTGGCC TAACTCTCCGAAACGATGAATTACACAAGTTTTATT 

• IS E TMNY TSFI 

TTCGCTTTCCAGCTTTGCATAATTTTGTGTTCTTCTGGTTATTACTGTCAGGCCATGTTT 
FAF QIC I I LC5SGYY CQAMF 

TTTAAAGAAATAGAAGAGCTAATGGGATATTTTAATGCAAGTAATCCAGATGTAGCAGAT 
F K E I E E I M G Y F N A 5 N P 0 V A D 

GGTGGGTCGCTTTTCGTAGACATTTTGAAGAACTGGAAAGAGGAGAGTGATAAAACAATA 
GGS LFVD II KN W K E E SDK T I 

ATTCAAAGCCAAATTGTCTCCTTCTACCTGAAAATGTTTGAAAACCTGAAAGATGATGAC 
I Q SQ IVSFYL KMFE NLK D DO 

CAGCGCATTCAAAGGAGCATGGACACCATCAAGGAAGACATGCTTGATAAGTTGTTAAAT 
QR I QR SMDT I K EDMLDK L L _N_ 

ACCAGCTCCAGTAAACGGGATGACTTCCTCAAGCTGATTCAAATCCCTGTGAATGATCTG 
T S SSK R DDFL K LI Q I PVNDL 

CAGGTCCAGCGCAAAGCAATAAATGAACTCTTCAAAGTGATGAATGATCTCTCACCAAGA 
QVQRKAINELFKVMNDLSPR 

TCTAACCTGAGGAAGCGGAAAAGGAGCCAGAATCTGTTTCGAGGCCGTAGAGCATCGAAA 
SNL R KR KR SON LFRGR.R ASK 

TAAT GGTTGTCCTGCCTGCAATATTTG 

FIG. 2 
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FIG. 4 

Sequence of Sst 1 fragment in plasmid CMVART, including CMV immediate 
early promoter, FTV primer binding site, and linking vector sequences. 

8 - 896 = CMV promoter fragment from pcDNA3 (Bgl II - Kpn I). 

91 8 - 1070 = FIV sequences from primer binding site to Sst I site. 



1 GAGCTCGAGA TCTCCCGATC CCCTATGGTC GACTCTCAGT ACAATCTGCT 

51 CTGATGCCGC ATAGTTAAGC CAGTATCTGC TCCCTGCTTG TGTGTTGGAG 

101 GTCGCTGAGT AGTGCGCGAG CAAAATTTAA GCTACAACAA GGCAAGGCTT 

151 GACCGACAAT TGCATGAAGA ATCTGCTTAG GGTTAGGCGT TTTGCGCTGC 

201 TTCGCGATGT ACGGGCCAGA TATACGCGTT GACATTGATT ATTGACTAGT 

251 TATTAATAGT AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGGA 

301 GTTCCGCGTT ACATAACTTA CGGTAAATGG CCCGCCTGGC TGACCGCCCA 

351 ACGACCCCCG CCCATTGACG TCAATAATGA CGTATGTTCC CATAGTAACG 

401 CCAATAGGGA CTTTCCATTG ACGTCAATGG GTGGACTATT TACGGTAAAC 

451 TGCCCACTTG GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA 
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FIG .^(cont'd) 

501 TTGACGTCAA TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG 

551 ACCTTATGGG ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC 

601 TATTACCATG GTGATGCGGT TTTGGCAGTA CATCAATGGG CGTGGATAGC 

651 GGTTTGACTC ACGGGGATTT CCAAGTCTCC ACCCCATTGA CGTCAATGGG 

701 AGTTTGTTTT GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA 

751 CTCCGCCCCA TTGACGCAAA TGGGCGGTAG GCGTGTACGG TGGGAGGTCT 

801 ATATAAGCAG AGCTCTCTGG CTAACTAGAG AACCCACTGC TTACTGGCTT 

851 ATCGAAATTA ATACGACTCA CTATAGGGAG ACCCAAGCTT GGTACCCGGG 

901 GATCCTCTAG AGTCGACGTT GGCGCCCGAA CAGGACTTGA TTGAGAGTGA 

951 TTGAGGAAGT GAAGCTAGAG CAATAGAAAG CTGTTAAGCA GAACTCCTGC 

1001 TGACCTAAAT AGGGAAGCAG TAGCAGACGC TGCTAACAGT GAGTATCTCT 

1051 AGTGAAGCGG ACTCGAGCTC 
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1 AAGCTT GATA TCGAATTCCT GCAGCCCGGG GGATCCGCCC CTACTGATTT 

51 CAACTTCTTT GGC CTAACTC TCCGAAACGA_T£AATTACAC AAGTTTTATT 

101 TTCGCTTTCC AGCTTTGCAT AATTTTGTGT TCTTCTGGTT ATTACTGTCA 

151 GGCCATGTTT TTTAAAGAAA TAGAAGAGCT AAAGGGATAT TTTAATGCAA 

201 GTAATCCAGA TGTAGCAGAT GGTGGGTCGC TTTTCGTAGA CATTTTGAAG 

251 AACTGGAAAG AGGAGAGTGA TAAAACAATA ATTCAAAGCC AAATTGTCTC 

301 CTTCTACCTG AAAATGTTTG AAAACCTGAA AGATGATGAC CAGCGCATTC 

351 AAAGGAGCAT GGACACCATC AAGGAAGACA TGCTTGATAA GTTGTTAAAT 

401 ACCAGCTCCA GTAAACGGGA TGACTTCCTC AAGCTGATTC AAATCCCTGT 

451 GAATGATCTG CAGGTCCAGC GCAAAGCAAT AAATGAACTC TTCAAAGTGA 

501 TGAATGATCT CTCACCAAGA TCTAACCTGA GGAAGCGGAA AAGGAGCCAG 

551 AATCTGTTTC GAGGCCGTAG AGCATCGAAA TR&TGGTTGT CCTGCCTGCA 

601 ATATTTG GGG CTAGA GCGGC CGC 

FIG. 7 
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